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Book Review 
Theories of Abstract Automata. By MICHAEL A. ARBm. Prentice-Hall, Englewood 
Cliffs, NJ, 1969. xiii -k 412 pp. 
The book under review contains an impressive collection of topics from various 
branches of automata theory. It is divided into three parts with the titles "Background," 
"An Introduction to Automata Theory," and "Selected Topics." 
The book begins with a good overview of automata theory. Main emphasis is on 
effective procedures and on the different ways one can look at automata. An interesting 
general explanation of the terms "on-line" and "off-line" is included. The first part 
ends with a terse summary of certain concepts from graph, semigroup, and group 
theory. 
Part II of the book is divided into three chapters: "Finite Automata," Turing 
Machines and Effective Computations," and "Post Systems and Context-Free 
Languages." Automata are first placed under the general heading of "systems," 
after which the definition is restricted. Finite automata re defined first as Mealy 
machines. Moore machines and acceptors are introduced afterwards. Topics discussed 
include state reduction, realization of sequential machines by modular nets, regular 
expressions with analysis and synthesis theorems and certain aspects of linear system 
theory. The chapter on Turing machines includes reduction theorems for polycephalic 
multidimensional-tape machines and also a discussion on universal machines and the 
halting problem. The last section of the chapter contains an exposition on recursive 
and recursively enumerable sets. The last chapter in Part II covers Post canonical 
systems, reduction to monogenic systems, correspondence problem, context-free and 
context-sensitive languages, and their acceptors. 
The "selected topics" discussed in Part III of the book are: partial recursive func- 
tions, computational complexity, algebraic decomposition theory, stochastic automata, 
and self-reproducing automata. The chapter on partial recursive functions treats 
first functions on words, and introduces for them the operations of composition, 
primitive recursion, and minimalization. Numerical functions are then reduced to 
word functions. The chapter also includes a discussion of Turing computable func- 
tions, Shepherdson-Sturgis machines and subrecursive hierarchies. Computational 
complexity is first considered by imposing conditions on the growth of the maximum 
number of crossings of tape, initially of length n, at any given point C(n) ; the maximum 
number T(n) of steps needed for the processing of this tape; and the maximum 
necessary length of work space L(n). Results concerning C(n), T(n), and L(n) are 
presented, after which the axiomatic approach by Blum is discussed. The chief 
issues in the next chapter are the Krohn-Rhodes cascade decomposition theorem and 
various aspects concerning covers. The chapter on stochastic automata covers sequen- 
tial machines of Carlyle, realization of stochastic systems and basic facts concerning 
probabilistic automata s acceptors. The final chapter of the book treats "machines 
which compute and construct," especially universal eontructors. It begins with a 
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discussion on van Neumann 's  original ideas and covers tessellation automata and 
Myhi l l 's  axiomatic t reatment of constructors, as well as Garden-of -Eden configurations. 
I think that the selection of the topics in the book is very well made. The  topics 
cover all of the basic areas and most  of the important research areas. In  many  chapters 
Arbib guides the reader towards his own research areas. Th is  is completely under-  
standable and by no means  a negative feature of the book. References to original 
papers are given at appropriate places, and the author is familiar also with the most  
important  Eastern references. The  book contains a wealth of motivation and back- 
ground material. Arbib 's  style is by no means  dull. Every now and then the reader is 
delighted to see a sentence like "Henceforth,  all dogs considered will be finite." 
My  main criticism is against Arbib 's  carelessness in writ ing definitions and proofs. 
I think this is a very serious issue since apparently the intended audience of the book 
consists mainly of mathematic ians and mathematical ly oriented computer  scientists 
rather than, say, of l inguists, engineers or laymen. Such an audience will certainly 
prefer clean proofs and austere style to errors and obscurant ism even if the latter is 
combined with a witty style. Arbib writes in his Preface: "... if the idea of a proof 
can be made clear in a few" lines, then the proof will be presented heuristically to aid 
f irst-reading comprehension- -deta i ls  can then be supplied by the serious student  
on a second reading . . . .  " Even if one agrees with this statement, he fact still remains 
that if the serious student  also has to correct errors in the definitions and in the given 
parts of the proofs, it is too much for him. He simply is not able to accomplish it, 
unless he is a genius or an experienced automata theorist, in which case he does not 
need the book any more. To  support  my claim, I have chosen the following il lustrations 
from Part II of the book, subtit led "What  every literate automata theorist ought to 
know." 
The  definition of definite events on page 97 is entirely misleading. I f  this definition 
is followed, all of the subsequent  results about definite events are wrong. Curiously 
enough, the correct definition appears on page 346 {with one misprint,  though).  
The  formulas for the derivative of the product of two regular expressions on pages 99 
and 101 are wrong. Consequently,  the example on page 100 is not correctly done. It  
is by no means the case that the axioms A1-A l l  on page 98, augmented with the schema 
on page 99, would yield a complete axiomatization. On  the contrary, the schema is 
an immediate consequence of A10. In  discussions involving regular expressions, 
prefixes and suffixes are mixed up, as well as the notation involving the horizontal bar. 
I would like to ment ion also that, of the proofs for the main theorems (21 on page 92 
and 32 on page 179) concerning regular sets, the former is very inelegant and, the 
latter, arm waving. By a slight rearrangement of the presented material, the author 
would have been able to obtain reasonable proofs. 
The  reader has to figure out the definition of a Tur ing  machine by himself, since 
the given definition does not allow instructions for scanning the blank symbol. Con- 
sequently, the presented examples become incomprehensible,  and the values of 
functions of several variables depend on the first variable only. 
As regards the definition of Post-generation systems, the reader is puzzled about 
the roles of the operational variables and other nonterminal  symbols. Even the slight 
hints given for the proof of Theorem 8 (page 167) are misleading. The  productions (2) 
do not create the correct input  format. The  productions (3) destroy the boundary 
marker  h too early, after which no expansions are possible. A reader who wants to get 
an adequate proof of the unsolvabil ity of Post 's correspondence problem (pages 169- 
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172) must ,  apart f rom filling the gaps, overcome the following difficulties: (i) mono-  
genicity is destroyed by the indicated productions, (ii) rotations cannot begin because 
of h, (iii) short words are not taken care of, (iv) only an even number  of pr imed symbols 
are reduced to unpr imed ones, (v) to get rid of  the b's. 
The  second grammar on page 181 does not work. The  proofs for the equivalence of 
context-sensit ive grammars and linear bounded automata (pages 191-195) amount  o 
practically nothing. End  markers are not introduced in the definition of a linear 
bounded automaton. However, they are used in the proof of Lemma 13 without any 
ment ion what they are! (Of course, the proof is much  more difficult without the end 
markers.) The  proof in the other direction, Theorem 10, makes use of a length- 
decreasing production. 
There  is an abundance of minor inconsistencies in the definitions. Finite acceptors 
are sometimes quintuples, sometimes quadruples. When they are quadruples,  the 
four items are defined differently in different contexts. The  empty word usual ly gives 
rise to a special case in a proof which is usual ly neglected in the book. Consequently,  
many  of the statements are not valid for the empty  word. The  same remark applies 
to small values of the parameters m and n in connection with recursive functions. 
There are so many  mispr ints that it seems likely that some parts of the book have not 
been proofread at all. Especially bad is the beginning of Part II I , where the density 
is almost ten mispr ints per page. The  summary  "Algebraic Background" given in 
Part I does not seem to me quite appropriate for the book, since the terminology 
introduced is in many  instances forgotten at the later stages. For example, "terminal  
node" means the root of a rooted tree on page 32, whereas it means  a leaf on page 176. 
When one compares the directed graphs discussed on page 32 and later on (e.g., 
page 57), one comes to the conclusion that the sentence quoted above should read: 
"Henceforth, we forget all about dogs." 
In spite of these critical remarks, by what was said at the beginning of this review, 
Arbib 's  book is highly recommended for anyone who wants to browse through auto- 
mata theory. 
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